an important role in mediating the emetic response. Multiple drugs are used for the control of PONV. However, because of the multireceptor origin of PONV, combination therapy is more widely employed. [10] Using a decision analysis treatment model, it has been suggested that prophylactic antiemetic therapy may be better and cost-effective when compared with treatment of established symptoms in patients who are at high risk of emesis. [11, 12] Ramosetron, a newer antiemetic drug, is a 5-hydroxytryptamine type 3 blocker. Various studies have shown that ramosetron has a longer duration of action and least unwanted side effects when compared to other antiemetics for the prevention of PONV. [13] [14] [15] [16] [17] [18] The present study was conducted to study the efficacy of ramosetron and its comparison with ondansetron in the prevention of PONV in patients undergoing pyelolithotomy, pyeloplasty, and upper ureterolithotomy under general anesthesia.
Methods
The study was conducted in a tertiary care hospital. One hundred patients with physical status American Society of Anesthesiologists I and II, aged 20-60 years, undergoing elective urological procedures including pyelolithotomy, pyeloplasty, and upper ureter lithotomy, under general anesthesia were taken up for the study in a double-blind randomized fashion. The following groups of patients were excluded from the study: 1. Patients with a history of motion sickness, migraine, muscular dystrophy, or any other neurological problems 2. Patients at particular risk for developing torsade de pointes including those with underlying heart conditions, such as congenital long QT syndrome 3. Patients who were predisposed to low levels of potassium and magnesium in the blood 4. Patients on other medications that lead to QT prolongation 5. Patients who received antiemetics within 48 h before surgery 6. Patients with a history of recurrent vomiting in the postoperative period 7. Pregnant/lactating females.
After taking informed written consent and approval of the Institutional Ethics Committee, patients were randomly allocated to one of the following two groups to receive either injection ramosetron 0.3 mg IV or injection ondansetron 6 mg IV just before extubation.
The sample size for the study was calculated from the software G power 3.1.5. G*Power (Faul, Erdfelder, Lang, & Buchner, 2007) is a stand-alone power analysis program for many statistical tests commonly used in the social, behavioral, and biomedical sciences. It is available free of charge via the Internet for both Windows and Mac OS X platforms. For an α value of 5% and keeping the power of the study (1−β) equal to 80%, it was found that a minimum of fifty patients are required to be recruited in each group. It was found that the expected proportion for one group is 31% and another group is 60% which depicts the moderate effect "d" size exists between the groups.
Hence, the ramosetron group comprised fifty patients who received injection ramosetron (0.3 mg), while ondansetron group again comprised fifty patients who received injection ondansetron (6 mg).
To ensure blindness, either of the study drugs was diluted in 0.9% normal saline to a volume of 4 ml and coded by the technologist in charge of operation theater who did not reveal the nature of drug to anyone till the completion of the study. He also maintained a register documenting the particulars of each patient and code of the drug. Decoding was done at the completion of the study and patients were allocated to their respective groups.
General anesthesia technique was standardized. On arrival in the operation theater, an IV line was established with dextrose in saline using 18/20 FG cannula. All patients received morphine 0.1 mg/kg IV just before induction of general anesthesia. General anesthesia was induced using injection propofol 2 mg/kg body weight. Tracheal intubation was facilitated using injection atracurium besylate 0.5 mg/kg body weight. Anesthesia was maintained with 66% nitrous oxide in oxygen and isoflurane 0.6-1%. Ventilation was controlled to end-tidal carbon dioxide of 30-35 mmHg, and neuromuscular blockade was maintained using supplementary injection atracurium besylate 0.2 mg/kg IV. At the end of the operation, residual neuromuscular block was reversed with injection neostigmine 80 µ/kg and injection atropine 40 µ/ kg body weight.
After surgery, all the patients were observed for 24 h. Throughout the study period, vital signs such as pulse rate, blood pressure, and respiratory rate were monitored and recorded every 6 h, except during sleep.
The incidence of nausea and vomiting was recorded every 6 hourly for a period of 24 h after the surgery by direct questioning to the patient or his/her attendants. Nausea and vomiting were regarded as separate events and evaluated on a three-point scale [ Table 1 ]. However, no distinction was made between vomiting and retching (retching event was considered as vomiting event) rescue antiemetic medication was administered as and when required in the form of injection metoclopramide (10 mg) and dose repeated, if the patient experienced severe nausea; there were more than three emetic episodes within a period of 15 min or the patient asked for it.
At the end, all the data collected were decoded and subjected to statistical analysis using unpaired Student's t-test, Chi-square test, and Fisher's exact test. The observations thus made and inferences drawn were highlighted.
Results

Demographic data
There was no significant difference between the groups in age, gender, weight, duration of anesthesia, and duration of surgery [ Table 2 ]. The average age in ramosetron and ondansetron groups was 38.44 years and 38.50 years, respectively, while the average weight in these two groups was 63.0 kg and 63.74 kg, respectively. With respect to gender distribution in ramosetron group, ratio of males to females was 30:20, while in the ondansetron group, it was 26 males to 24 females. The average duration of surgery in ramosetron group was 55.28 h while in the ondansetron group, it was 56.42 h. The two groups were similar in age, weight, duration of anesthesia, and duration of surgery with P = 0.976, P = 0.487, P = 0.298, and P = 0.407, respectively.
Nausea
In the patients who received ramosetron, it was observed that incidence of the episodes of nausea increased with time after surgery. One patient had an episode of nausea during the 6-12 h interval. Similarly, two patients had episodes of nausea at intervals 18-24 h. This necessitated the increased need for rescue antiemetics with a total of four patients needing rescue antiemetics at 18-24 h [ Figure 1 ].
In patients receiving ondansetron, the episodes of nausea were more in number when compared with the ramosetron group. Twelve patients complained of nausea with the need for rescue antiemetic in 14 patients [ Figure 2 ].
When the two groups were compared there was no difference in nausea between the ramosetron and ondansetron groups immediately after extubation (P = 1.00), 0-6 h after extubation (P = 0.61), and at 6-12 h after extubation (P = 0.36). Both genders had a comparable incidence of nausea [ Table 3 ]. However, the patients who received ramosetron had a statistically lower incidence of nausea at 12-18 h after extubation (P = 0.02). Similar results were seen at 18-24 h with just two patients having nausea in the ramosetron group, while the 12 patients had nausea in ondansetron group (P = 0.0076). There was no difference between the two genders in the incidence of nausea and vomiting in ramosetron group (P = 0.17) and ondansetron group (P = 0.57) [ Tables 4 and 5] .
Vomiting
In the patients who received ramosetron, it was observed that incidence of the episodes of vomiting increased with time after surgery. One patient had an episode of vomiting during the 6-12 h interval. Similarly, two patients had episodes of vomiting at 18-24 h. This necessitated the increased need for rescue antiemetics with a total of four patients needing rescue antiemetics at 18-24 h [ Figure 3 ]. There was no statistical difference in the incidence of vomiting between the patients receiving either ondansetron or ramosetron at (a) immediately after extubation (P = 1.00), (b) at 6 h after extubation (P = 0.49), or (c) at 6-12 h after extubation (P = 0.36). However, patients who received ramosetron had a lower incidence of vomiting when compared to those who received ondansetron at 12-18 h after extubation (P = 0.14) and at 18-24 h after extubation (P = 0.003).
In patients receiving ondansetron, thirteen patients had episodes of vomiting with the need for rescue antiemetic in 14 patients [ Figure 4 ]. It was seen that the patients between the two groups did not have any difference in the incidence of rescue antiemetics used at immediately after extubation (P = 1.00), 0-6 h after extubation (P = 1.00), and 6-12 h after extubation (P = 1.00). However, there was a decreased use of antiemetics in the patients who received ramosetron 
Rationale of results
From our results, we observed that the incidence of nausea was very low immediately after extubation (P = 1.00) and at 0-6 h (P = 1.00), which could be due to high plasma concentration of the drug.
We noticed with increased duration of postoperative period, incidence of both nausea and vomiting increased with maximum incidence at 18-24 h. This could probably be due to decreasing plasma concentration of drug with time.
Moreover, we found that patients receiving ondansetron had a higher incidence of nausea and vomiting as compared to ramosetron group and as such more number of rescue antiemetics. It was found that 18% of patients received antiemetics in the ondansetron group compared to 4% patients in the ramosetron group at 12-18 h with a P = 0.05. Similarly, 28% of the patients receiving ondansetron needed rescue antiemetics when compared to 8% patients in the ondansetron group with a significant P = 0.017. This could possibly be due to increased potency of ramosetron as compared to ondansetron.
dIscussIon
Despite the remarkable advances in medicine and development of newer anesthetics, PONV continues to be a major cause of morbidity, with an incidence of 30% in the postoperative period. [7] The problem is multifactorial in origin, including patient characteristics, nature of underlying disease, the type of surgery, as well as the anesthetic agents and postoperative care. The main patient-related factors are age, gender, history of motion sickness, previous nausea and vomiting, and pregnancy. The incidence of PONV in females has been reported to be very high and two to three times more prevalent and more severe in adult women than in men. [5] Hormonal factors may lead to a higher incidence of emetic episodes, with an observed incidence of emesis around four times higher in menstrual age group as compared to the postmenopausal state. [19] Several studies tried to see the comparison between ramosetron and granisetron and found that there was no difference between the two groups till 12 h in the postoperative period. However, patients who received ramosetron had a lower incidence of PONV after 12 h. [13, 16, 20, 21] Choi et al. [22] studied in 94 female nonsmoker patients, who were randomly allocated to receive either ondansetron or the ramosetron after lumbar spine surgery. The authors found that ramosetron was superior to ondansetron in terms of preventing vomiting and reducing the severity of nausea related to fentanyl-based IV patient-controlled analgesia. Hahm et al. [23] compared the prophylactic antiemetic efficacy of ramosetron and ondansetron in patients undergoing PONV after total knee replacement. The incidence of nausea was lower in the patients who received ramosetron group.
Kim et al. [24] compared the efficacy of ramosetron with ondansetron for the prevention of PONV in patients who underwent gynecological surgery. The incidence of vomiting was lower in both the ramosetron (17%) and the ondansetron (20%) groups than in the placebo group (44%) during the first 24 h after surgery (P < 0.05). However, the authors found that ramosetron 0.3 mg IV was as effective as ondansetron 8 mg IV in decreasing the incidence of PONV and reducing nausea severity in female patients during the first 24 h after gynecological surgery.
In our study, we had comparable results with the studies conducted by Choi et al. [22] and Hahm et al. [23] However, our results were not consistent with the study published by Kim et al. [24] who found that there was no significant difference between ondansetron and ramosetron in controlling PONV. The difference between the two studies could be a result of the nature of the surgical population with the gastrointestinal tract and reproductive tract handling in the former group of patients which was minimal in our group of population.
The same could be true for the observed differences between the work done by Kim et al., [24] Choi et al., [22] and Hahm et al. [23] Limitations of the study There were certain limitations of our study. First, there was a lack of a control group as we felt it would be unethical to withhold prophylaxis in these patients for PONV. Second, due to the limitation of our resources, we could not measure the biochemical parameters of nausea and vomiting such as C-reactive protein, aldehydes, and ketones. We used morphine and nitrous oxide in these patients. This was a major limitation of the study as both these agents cause nausea and vomiting. Unfortunately, we do not have the availability of medical air in our hospital. However, the use of nitrous oxide and morphine was a common denominator in both the groups which could have minimized the bias among the two groups.
conclusIon
From our study, we conclude that a single dose of IV ramosetron (0.3 mg) is more effective when compared with a single dose IV ondansetron (6 mg) in the prevention of PONV. We observed that the benefit was more in the later stages of the postoperative period (12-24 h).
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